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Abstract 

postern UxSign principles fcr cuniqz cflWtA* aucahiv i> 
Onrtxatf and * system lhat b hwol co tics? principle* The pji> 
AtL>*Mv itftun fjtmn rwrfctrrw rtcurhatnev K^«vh«4fcHhtfmj*ist* 
ctfteiftfv Jftua ftaa a&iUf* f*)vhotogy research %%d\ urati. 
jafcd pwpk'scraxpteil moid* clamantly aoJ cft«ihc rtct*. 
<U* to viaciLI> etmuuracate ti*srJbI> uicamatwo. iJur j?*bm u 
ttSptmJ by ow'jci uorl tn rctotcs on ksctririy ptuuiaj aaJ n v»- 
oalLrtiiuD eo auBxaaoJ p cremation tVti^ui. \vtti*x£h caa $>*• 
wiai ctttt&taed prei^nutkn and puoeittg trdcpet JcmK, uv 
toScvr »l i»otv<mcif tu wUkm the twofxefclcttu mutJUsjcvu^ 
«flrvt»>C ttMCB*M» taatiutlwaa*. W* dcauibc Uw 
d$o«iit*i» ic k^xmjuca used •» jJtM4 jc* **»ocifc»K- *JM*}utiioft» $tvta 
object pttontcUs', antnbtiM. oaJ upt*M*l grouping eaJ eedtftag 
eocutmttj* on the objert 'a put* Our remit* dWmtwtmt* (tul it 

«H*liiOi tVr innry o. «*y«<w rJ*jfVtt 



i, /uaaiSMy insrutaoa 



lntrodi*tio* 

my Hie nwrtnrh' at taow laAbkikl *«fc 
jmuu.tixuiJwu'uic hew io tut h Heater IMiiiattiar 

«*torp IWI ft* modular ptuJuet tot**, iith u ctuutt 

ncs ftmatia?. c^ay Jiikratf vsjtioas of <V wstnxtwraara wes* 
or,'. Aa w« m h*, of «Bi«airaN« predicts and JctoaaJ few ttwfc. 
sfwctEc cufi^j ^ inenmse, tccttwtogv Mil be mw&d to prfttute 

ol'potttv tikSttrtoJ athJ wi of date atsatiaicai. 

uvnetim Wgi procesi to* ax rvcn s>sia^i i/wt KkUEciJ 
temaa <Jctipw^* «c uccuui to prviOwc ^*>i iiAttucikwji. a* a i> 

ditf mu" ui" ftuJixwy i:rvtuwiu*j b tknocLtuamiiQ ami 
!*U)«*<msfUAv» Cv«3puui eupfvrt U ttrtctuK lunU«J to ««pLi£> 
•ftg louwkvel sadk ta p<x% usvl ptpcr. Mcut bi^V-Usvl J^Jo^a 

horn- humans faaduc* «nJ uw> vum! tmtrtttkxK. ffy coif) ins tkb 

<i»tene> t'«Mst%«tinA «r> mmhsm mmnmc tut «|<ttA it #«a(ir Ia 

Jeiisri koDUfcdcc mcanruter r<vvnMn» vwr can maku d easier lo 




0 




pr«iucc eleir toujw of 311 <^st< an! dfcctr.V inxmc 
Tin tvo faitiuuy uiii a ti^r uAs^uatoh- insratKo* ok: 

» P4»BoJ»jp Moot id>vcti «carj K to^mtW ia a vofic«>- of 
"»Vrt CtLd vxiU t« dofj f«-«r tvorv to u&tcrclttfcS iwd *v 

• Prctratatkm: I ttrcato nan^- D viepict us*.-n±d> op- 
enaiccEt n» ctoUcn^ ti to oc«av> ih: tttacmbi)' CfxsaiMXU 
ttcat> una set t» <rf itajaratt*. 

TKmm taike hawj hAm ithirficnJM^K' «nel»*tl in th.* srce« «f 
rahxks tnd viaukvilitg. AjrarrabJy rj^-n^ffg u a cbsiic prt^dem 

in iv^uks jUWter |<K»: Jc MfOo and Sandtrwc 19$ I: Witao 
1991 Raom'ct a Ohw e«? ojorortn of cochport to the 
lAsccwy, aa ojs«aW>- pbono compute* tOseaoictrisalljr fcaubie 
KX|£4£ctdf oiicmby opaatcm. Tticicpltraan' tuedby ictac 
machine toob tat <t itotaaad macuficttriqi ^ "* ocaol to be 
iccrt, uttfciJtaodL or tar cod! out by hmeam. Ntatt KAcitk mscmNy 
plao* w uuU $».Ytn tawui ural tt i pcoptc cssuociM tr^: <svf>dt\ nr^sctsL 
uiccouad, tutctmtcd prescnutkci dc^n »y ccaus tme Ken <i> 
\vUpv\l iii tlK jemain of viAiali/uion {Kcincr stack iilry 
1 9SriJ with cbt gusd urf pajdoci^ diagram, tlai nt ca»y fin ho» 
wxlci AMd. flics* i)fidcjftutn« that the iafuoutMU <*> 
be pcM&mv^ is^Avn »*it^ut snj «4tocoouoclK <ksa$»i oa dTcctrvw 
4te#rMu to mvcv <&ol uj/onmiiiori .Mtixxgh oev* U tK?a* «»- 

♦c<bM*J frcvt»iUM> *>^tcm.»K; ft v Ssa» «fcv?fcf»*J fc» Uluiftuttf 3» 
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pO*l jwple'i cuxcv^nl u>wfc£» tif ouaoh 1 ) tnJ cflcclKo uxtlr 
«.vi« u> \iett»l>- ffwimm i wm xBM) inTorokaitorv Out «y4««i »* 
wU«r ur*4 in rotat *h<v> kwmMyfitanning. ir»1 mvi» 

bran hxe cnrckfcroJ tjvscntalion anj plsmuss n «Sctcj klctilh*. u« 

b otikt u> cf*ak v ctfCtfK* ajKcoWf bitiuctiiios. We devniv ihj 
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nd<u.i«m nn»i eaui rfX&tj*i»f}. Atnady thgtaii* h^h wwAwcn 

cf praly *iw :n) »xn tit <lxc tf^rv^lk*i- * 

The ptvMkxu it <hal it t» iiflktji et J c\pca«w to <Wi^ti a*. 
.nrrtihK HWUtkHxtti tlcl uft «ay u> usdati&tA aui fclku. Scux- 
tic iratruttiaA iisiipn ptucett t a> o& twrn sYitcmati/ci Ailed 
fcumm Jeygjvt a or*; iKokd k> produtt pood uutnvtkim A» a r\s 
KJtL ttu faCnMSiOi pt^tivciOf LcUairfiXU U tiocvcutUiininp mJ 

t»l*K*»lKCIttVC'. CN-U^UUX WJjWl i* CiTiCOth iMUtcil K» tKf&Ml- 

\V> hn* •kvy-t'<r.! t thar |*r* iV^ KijKt.lAvH lAsli £.* 

tfcfttffCfcS llifttibt)' ifHIUIhfll I'^LK 1 JtfpMi iaaAKlkWd (t\>* 

&K\tS uith ixt tYi^nv A sctKkici (palof out uwt ti id undovtrnd 
ikiita UxA-kiM^ in campufcr f*ofmco» vwc can male il«2c> la 




Urn |T\ 0 rA>-^d. S«fcmi«^|. 
Th> ms maw u> d atiprifl g ai^eaiHv «Km^tk«& fro: 

wo)*. Tht c^iLcnjc b to ctacut « Mequawr a/ aucx^bK n> 
nuucxkfl that will h) <tuy fat uars u> uaJerttHk! utvj Wkw. 

chatty uia «ctV»of Uiajiacu. 

l*h»c tatU hj\v beta bwcpoai.Tjii> ttulkM in the *m* uf 
ruhofcc* and viauHaJica. A*scabJj pLtitmy i.<a dassk prcNau 

tnrofcotw (Ublkr f9Si»; As MdtoorhJ SanJ^n IWI; WiU» 
Kumac^' el U. I VS5J. C>v» Uif pj«artJ> «l ocb fort to tin? 
o«3tt*j, mi oisraliiy (tacna van^um b3 ^mxe'vaify foruUc 
KhfJCnc^A »jf ai*cfob?y «9cratkKU* lk« (4afaar» by robotic 
machkao kxb fay m»m«1wt rron tfartxjntiy ani arc not mcaacio tv 

pLtmxsadd «4tcm utmut ural u»pco(d« a«»«rihli\c cvtry&xy ifavn 

IniywrrrKt, *i <|um4»fil p^»*ijf»ir« i.n<i Aj*»g« «v «wrm Kn.\> 
\v*jpcd m Ate tVnum of vuaaK/afrrc ^*Mrcr 1945; Mickinby 
I vSftJ, vvJh the groi of prnJu-iae tl tijram* Jul ase catv for ti> 
nurw » undcDUrU Thew >vc^i rwnan* Ottt. Cictnf»natkKMt» 

<pp^j»w> — — ..»rtw»t. . — • rf.. WW* 4&> 
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Abstract 

Wc present desipn principle* for creating effect t%v assembly in> 

Qructions «kJ • system that is hascd on tfce*e principle*. The prin- 
ciples ere drav. n ftom cognitive psychology research which invest i- 
gatod people'* conceptual roodcH of attctnbty and effective rocitv 
odi 10 visually cctftmunicatc *^«.tnMy tnfi«m*tioiv fair system U 
inspired by earlier uorl in robotic* on assembly pimtiun^ and tit v> 
waliigfioc an automated presentation design. A&luufch other sys- 
tem* have considered presentation aid planning in^penJenily, ue 
believe it is necessary to address the wo proidcuts smwhaneoudy 
in order to crc^V effective •ocseinbly insnuctiiau. Wc describe the 
algorithm* techniques imjJ to produce assembly insmytioro given 
object i?eomctry, c*icniatjon. and optional grouping and ordering 

eomtraiiau on (he object's parti. Out rendu dctttonstfaie Chat it 
u possible to produce aesthetically pleasing and easy to fbUovv h> 
structiom for many even day objecu. 

Keywords: \lsra!i/atton, Assembly Instructions 

1 introduction « 

Many everyday product*, «uch as furniture, appliance*, and toy*, 
lecture assembly at becae. InduJcd with each product is a set of 
imtructtom xhowiag liovv to put it together (MijVscnaar and Wen. 
instruction* snowing now 10 put « togemer |Mt|t>scoaar ana wen- 
eitdorp I '»>}- Few raodubr product lines, such as cuiw<ni/ablc of* 
Dee (bnritute. many dill erect versions of the instructions are necc*- 
«ry. As the number nf cunomaabie products and demand for task, 
xpeeiuc instruct ium increase, technology will be needed to produce 
imtt uctioo* more cent effectively. Already there is a high incidence 
el' poorly designed and out c>f date tifctasction*. 

The problem i» that ii is difficult and expeniiv e in design as- 
sembly bmructkKri dot are easy to inoYrflaiptl and foUow. Since 
the instruction design process ha* not been syacraatiTed, skilled 
human designers are needed to produce good instruction*. At a re* 
suit, the pnvot of productna instructions is time-coxmanmg and 
sua. me process ca proaueiry lauaetuxt* u ttmc-coctttanu^ ana 
brof-inutuftv. Computar aippert ii curiaxdy (united to replac- 
ing l»v.Jek*d tceAi such as pen anJ paper. Mccvt ht^h-tcNel design 
deei«k«u are oil I made N»- human designer*.. 

We haw de\<eleped a system that pnwidc* highcT*levvl u*»l* ft* 
deaigttittg aiictaNy iftitruetaocu. Figure I depicts instruction* pro* 
dueed with our »y »tcm A broader i»ol of our uv«n\ U to undtTMand 
bnv hamaus produce and use visual insirvclion^. I$> codify ing this 
design knowledge in computer programs Me can male it cumr to 
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• * TV* turni Oat *%*Kmp 
«BIUkMCll(«it. 

produce clear drawing* of 3D objeeu and more etTeeuve initmc> 
liuns ITverily et al. Suhmit!ed|, 

The two primary taxks in des^rung assembly m*truct$fl*K ate: 

» Plannlag: 1AxA objects can be assembled in a variety of 
way*. 1 be cbnueoge is to choose a «eo>unce of assembh op- 



o utkes that will be easy for uiexs to understand and foJkAv, 

• Pmcataitan: There are many un> * to depict n iscmbty op- 
eration*. The chaUettgc U to co*nv>' the aiicmbf) < operations 
cleart>' in u setie* of diagram*. 

These tttls have been mdcpesidcntly srudied in the atcas of 
iobc<tc* and vtuab/atKO Avsem Wv phammg is a classic prebton 
in rohetk* |wWter 1^9. de Nlrllo and Sondersuit 1991; Wtbun 
1992; Roqmcy et al. 1995). Chen the geometry of coch pan in the 
asaembri*. on as*embl> pbmeer computes all yeomeuieaifv feasible 
ae^jeisxs of asaembr>" operation*. These plan* are mod bv robotic 
■evjtuenees oi awnwy vpe«niwn». i ovse |nan» arv uscu t*y rucuttc 
machine toots for automated oaarmflbaurmg and mo nc< mcani to be 
seen, undewoat, or canted out by human* May robotic aiactably 
plans would seem uratatum! to people assembling ovvry day object*. 

Inoontmsty automated pr c ^eolation design systems hav e been de- 
veloped in the domain of vtonli/auon IFctner I9R5; Maekinlay 
1986), with the goo! of producing diagrams thu are easy for hu- 
mans to undemand. These sysusns assume that the trformation to 
be portrayed is given as input and auhxaattctklh* design an effective 
diagram to convey that niforraatioo. Although some of tticse ai* 
tomalcd prefer jtation systems have been deveiopod to illustrate 3D 
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Wc ffuacil dxsigi puu^A.* far uccfeif cflkvro aascoi.jj 
Kfeniknc ad i •q 4i.ii- daft w IcarJm tW,- prswipk*. Tho jiiiv 
ciftei etvOraMt. (Tumi uprftAv ptf>thria?y te&nfdbotO* tfKrtb- 
j^aiyd frwjptc i cv*ur,«iai ftSAfcib «f wmubM* mi vtte&T.v u*4f> 
i%K u> ruial'y SMtn:ueot« an . a: lis jb^atufetn <M ** nfom a* 
Utifefrf by MfliM itttiAfObfcOa Ml IXttBfe^ C&ft?*fi£ C^inv»- 
rabVcdus -cki euxsuioi pnasijuKMu 4j»\*u AU^u^i <d<cr tjt~ 

ukjp:: gmxuinry, srieifstkti, tad! cfucotal anJ urivrx£ 

u tK^bi? to pr^ux ftxfcctaily rkasifs aulas*,*. Wis* uv 
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Hi; p*£*4oA ii iJ B 24I12U* c-^tfftMT? to diefiifb ft* 
acuity nanjoooM ttuiut <a*y u> uxitffeaa AM JsUcn: Su&Oi 

tf» nsnc&at tt&ara piuw tea xnt Wen es»»c:tsJLa»J, tXil Mi 

hJM'tri Aittrat *fv' tvak^ to pftJuct gatf kLStneto&ni. As a us 

«h. Cu? puxii uf pctftiufsy buiiikui ik icw-aiDtnnM te.fi 
tabJa-tocrxn^- Cvttrfvtst Mjpp.fi it cwasrih ^ici*js3 lo rv*4*j- 

t»/w f.-xia-'ri iuxJj*; fid ^u-vtatul ^trbcictia by «wtilv^ ^ 
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csxkaa ihci%a tc«a^ fi:«r«sen u*2*ajod csii idkxk' 



aismW)', en fii^&ftfy pbzixf c«cptira M yi-jtturndllr finite 

ft3Hj«wcii ufdaauHv otw^m, T\i£*a \4zax&v w,<Q br K^utx: 

Yttan »ra44 WF! 19 BPff^ :»c«n±&qB ybfWtt- 

i%.Jopc»J b» li« Jkvtxxi of riocduxuen IToxkt K«45, KUdLixtbv 
K<3$|, sviib she gad •# ptxlu:^ £^fttm. Asa ait cti> »W bu- 
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1 Introduction 
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Hr< ftinMMt*. euro r.lU^rt witn*rf ilw *4ri»-T.«-* 

V«£tti£ mnxi£l£f» ixkrea^ii IcctXiCtejy will tenrakd ; 

uJT pant* tfcttpMpI joJ cU *stf tbu? i i»autU43 

wn^l ' nutnsScau dm j< wf to inlcnfttaS axJ full 
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* fftlBSiliB: Mcntj otprjU can. by OMacn'fcboi in i tutm*: it 
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